Metabasites with evidence for breakdown of former eclogites and recrystallization under granulite facies conditions occur in the Ďumbier Crystalline Complex of the Low Tatra Mountains, Central Western Carpathains. Textural relationships, phase equilibrium modelling and thermobarometry have been used to determine the P-T evolution of these rocks. Omphacite diagnostic for the eclogites facies stage is absent but its former presence is inferred from the symplectitic intergrowths of clinopyroxene +plagioclase. The re-equilibration in high-pressure granulite facies conditions is demonstrated by the assemblage garnet + clinopyroxene (< 10 % Jd) + plagioclase + quartz. The phase equilibrium modelling using THERIAK-DOMINO program and conventional geothermobarometry suggest the P-T conditions of 750-760 °C and 1.1-1.5 GPa for the high-pressure granulite stage. Orthopyroxene formed in the clinopyroxene + plagioclase symplectites and kelyphites and coronas around garnet at P-T conditions of ca. 0.7-1.0 GPa and 650-700 °C. P-T evolution of granulitized eclogites is interpreted as the result of two metamorphic events; early Variscan eclogite facies metamorphism was followed by granulite facies thermal overprint in the Carboniferous time. The second metamorphic event was crucial for breakdown of eclogites, these are only seldom preserved in the pre-Alpine basement of the Western Carpathians.
Introduction
A common textural feature in eclogites resulting from reequilibration at pressures below those of the eclogite facies, is the replacement of eclogite facies omphacite by symplectitic intergrowths of sodic plagioclase and clinopyroxene with lower Na and Al content than the initial clinopyroxene. In most cases, it is diopside with jadeite content below 20 %. The resulting mineral assemblage of garnet + clinopyroxene + plagioclase + quartz is the same as that found in high-pressure mafic granulites without evidence of an eclogite facies evolution. Orthopyroxene is commonly formed in pressure conditions lower than the peak recorded pressure (O'Brien 1997; O'Brien & Rötzler 2003) .
Overprinted eclogites occur in several complexes of the Variscan basement of the Western Carpathians in Slovakia. In these rocks a high-pressure, eclogitic stage has been inferred from symplectites indicating the breakdown of primary omphacite (e.g. Hovorka & Méres 1990; Hovorka et al. 1992; Janák et al. 1996 Korikovsky & Hovorka 2001; Faryad et al. 2005) . Eclogites with preserved omphacite are rare. They have been found in the eastern part of the Low Tatra Mountains (Janák et al. 2003 , which belongs to the Veporic Unit of the Western Carpathians. Here, eclogites occur as lenses and boudins in the kyanite-bearing gneisses. Omphacite with the highest ja-deite content (~40 mol %) occurs as inclusions in the garnet whereas omphacite with lower jadeite content is present in the matrix. Most of the clinopyroxene has jadeite content below 19 mol %, forming the symplectites with plagioclase, amphibole and quartz.
In this paper we describe the overprinted eclogites from the western part of the Low Tatra Mountains which belongs to the Tatric Unit of the Western Carpathians. The investigated rocks show the microtextures indicative for breakdown of former eclogites and recrystallization under granulite facies conditions with formation of orthopyroxene. The paper describes the mineralogical and petrological features, which constrain the P-T evolution, supported by pseudosection modelling and thermobarometry. Preservation of eclogites is discussed within the context of the Variscan tectonometamorphic evolution of the Western Carpathians.
Geological setting
The studied eclogites come from the Ďumbier Crystalline Complex of the Low Tatra Mountains (Fig. 1) . The Ďumbier Crystalline Complex is composed of pre-Mesozoic granitoids, high-grade felsic rocks (orthogneisses, granulites, paragneisses), metabasites and metaultramafic rocks (Spišiak & Pitoňák 1990; Biely et al. 1992; Krist et al. 1992; Petrík et al. 2006) . The metamorphic rocks are intruded by a pluton which consists of several (Ďumbier, Prašivá and Latiborská ho a) types of granitoid rocks, ranging from tonalite to granodiorite and granite. These magmatic rocks occur in the northern part of the area whereas metamorphic rocks form the southern belt with a transitional zone of migmatites at their contact (Bezák & Klinec 1983) . The whole complex belongs to the upper tectonic unit (Putiš 1992; Janák 1994; Bezák et al. 1997; Plašienka et al. 1997) within the Variscan structure of the Western Carpathians.
Overprinted eclogites form dm-m lenses in banded amphibolites, also referred to as the "leptyno-amphibolite complex" (LAC) sensu Hovorka et al. (1994 Hovorka et al. ( , 1997 . Because of a lack of surface outcrops, most of such lenses were found underground, in the former mine for gold and tungsten, in the so called "Jasenie-Kyslá ore deposit" (Fig. 1) . The whole complex is penetrated by veins of aplites and leucogranites. Metabasites are intimately associated with surrounding orthogneisses (augen-gneisses) and migmatites, all exhibiting mylonitization and shearing under ductile conditions. In the metapelitic gneisses sillimanite and very rarely kyanite partly transformed to sillimanite occur together with garnet, K-feldspar, plagioclase, biotite, muscovite, rutile and quartz. All the metamorphic rocks exhibit high-grade metamorphism and partial melting with formation of migmatites under granulite facies conditions, being partly retrogressed under amphibolite to greenschist facies conditions (Spišiak & Pitoňák 1990; Janák et al. 2000a,b; Mikuš et al. 2007 ). The crystalline basement is overlain by Mesozoic and Cenozoic sedimentary cover sequences and nappes. Biely et al. 1992) , and c) the position of the investigated metabasites in the Jasenie-Kyslá ore deposit (according to Spišiak & Pitoňák 1990 ).
The SHRIMP dating of zircon from banded amphibolites suggests an Ordovician (481±5 Ma) age for the magmatic protolith and two Variscan metamorphic events (428-411 and 338±6 Ma; Putiš et al. 2008) . The electron microprobe dating of monazite from biotite gneisses and augen-gneisses gave mostly Carboniferous (350-340 Ma) ages, some monazite cores are older (ca. 470 and 390 Ma; Petrík et al. 2006) . The age of the tonalite-granodiorite pluton (Ďumbier type) according to zircon dating (330± 10, Poller et al. 2001; 343± 3 Ma, Putiš et al. 2003 ) is Carboniferous.
Petrography
The investigated rocks come from the gallery no. 4 in the Šifrová dolina Valley north of Jasenie (Fig. 1) . They exhibit a massive texture with reddish garnet and pale green clinopyroxene variably replaced by dark green amphibole. The sample J-257 comes from the core of a lens embedded in the leucocratic (trondhjemite-tonalite) and mafic (amphibolite, amphibole-biotite gneiss) layers (Fig. 2) . This fabric is related to shearing and deformation during exhumation. The garnet and clinopyroxene-bearing lenses apparently represent relics of eclogites, preserved as boudins in the more retrogressed and deformed host rocks. The bulk rock composition of sample J-257 was determined by standard wet chemical analysis (Table 1) .
Microstructures along with variations in mineral chemistry suggest that the investigated metabasites have experienced a complex metamorphic history. Four stages of recrystallization have been identified.
a) The eclogite facies stage is inferred from clinopyroxene + plagioclase symplectites after primary omphacite (Fig. 3a,c) .
Under the eclogites facies conditions the stable mineral assemblage may have consisted of garnet, omphacite, rutile and quartz with minor phengite and zoisite.
b) The granulite facies stage is demonstrated by replacement of omphacite by clinopyroxene + plagioclase symplectites and formation of orthopyroxene. The orthopyroxene occurs mostly in the kelyphitic rims and coronas together with plagioclase around garnet but also in the clinopyroxene + plagioclase symplectites (Fig. 3c,e) ; it is a later phase than garnet and clinopyroxene.
c) The amphibolite facies stage is manifested by formation of amphibole replacing pyroxenes and garnet; it is the most abundant phase of the matrix (Fig. 3e,f) . Minor epidote, titanite, ilmenite, biotite and muscovite also belong to the amphibolite facies assemblage.
d) The greenschist facies stage is the latest one, with formation of actinolite, chlorite, quartz and calcite, mostly in the fractures and veins.
Mineral chemistry
The chemical composition of the major mineral phases was determined by CAMECA SX-100 electron microprobe at the State Geological Institute of Dionýz Štúr in Bratislava. The operating conditions were as follows: 15 kV accelerating voltage, 20 nA beam current, counting times 20 s on peaks and beam diameter of 2-10 µm. Mineral standards (Si, Ca: wollastonite, Na: albite, K: orthoclase, Fe: fayalite, Mn: rhodonite), pure element oxides (TiO 2 , Al 2 O 3 , Cr 2 O 3 , MgO) and metals (Ni) were used for calibration. Raw counts were corrected using on-line PAP routine. Fe 3+ in clinopyroxenes was calculated according to the charge balance proposed by Ryburn et al. (1976) . Fe 3+ in amphiboles was calculated assuming an ideal stoichiometry according to Schumacher (1997) . The mineral abbreviations in this paper are according to Kretz (1983) .
Garnet forms porphyroblasts with abundant inclusions in the cores (Fig. 3a,b) . Some inclusions (amphibole, zoisite, rutile, phengitic white mica, quartz) may have been inherited from the prograde metamorphic stage but re-equilibrated in the high-pressure granulite stage as deduced from their composition. However, many "inclusions" (amphibole, plagioclase, epidote, chlorite, muscovite and quartz) are connected with matrix by fractures (Fig. 3a ,b) and these were obviously related to fluids influx during the post-granulite retrogression. The garnets correspond to almandine (25-54 mol %) with significant grossular (22-27 mol %) and pyrope (19-30 mol %) contents (Table 2 ). The garnet compositional profile (Fig. 4 ) is relatively smooth, with an initial decrease of Prp and X Mg concomitant with increase in X Fe from the core to the rim at nearly constant Sps and slightly increasing Grs contents. A reverse pattern with slightly increasing Prp, X Mg and de- creasing X Fe can be observed in the medium part of garnet but close to the edge there is a decrease in Prp, X Mg as well as Grs accompanied by increase in Sps, Alm and X Fe . The maximum X Mg occurs in the garnet cores whereas rims are depleted (Table 2) . We infer that the actual rim of garnet that existed at the peak stage is no longer present. It has been consumed by the reactions producing kelyphite and corona textures. The observed zonation resulted from retrogression and partial resorption of garnet.
Clinopyroxene occurs as glomeroblastic and vermicular grains, symplectitically intergrown with plagioclase ( Fig. 3 ). This indicates breakdown of primary, more Na and Al-rich clinopyroxene (omphacite) to secondary clinopyroxene and plagioclase. The characteristic "fingerprint" textures have mostly been recrystallized to coarser, granoblastic aggregates (e.g. Joanny et al. 1991; Anderson & Moecher 2007) , where amphibole is also present (Fig. 3c ). Symplectitic clinopyroxene is diopside (Table 3) with very low Al and Na contents (XJd ≤ 0.1). It shows slight compositional zoning with cores richer in Al and Na with respect to the rims (Table 3) , which indicates recrystallization of more jadeitic clinopyroxene. Inclusions of clinopyroxene in garnet are small, their size is up to 10 µm and composition is similar to that of symplectitic clinopyroxene. The composition of the "primary" omphacite has been reconstructed from the modal proportions in clinopyroxene + plagioclase symplectites (BSE image at high magnification), converting the phase volumes (34 % Plg+66 % Cpx) to weight % using densities of 2.7 g · cm -3 for plagioclase and 3.4 g · cm -3 for clinopyroxene. Average analysis of several symplectitic domains yields an initial jadeite content of 23 mol % (Table 3) .
Orthopyroxene occurs in the clinopyroxene + plagioclase symplectitic domains (Fig. 3d ) and in kelyphitic rims around garnets together with plagioclase and amphibole (Fig. 3e,f) . The composition of orthopyroxene is almost uniform, with 0.26-0.28 X Mg and < 0.5 wt. % CaO contents (Table 4) .
Amphibole occurs as several compositional and textural types. Small euhedral crystals are enclosed in the garnet cores (Fig. 3b) . In kelyphitic rims around garnets amphibole occurs as lath-shaped crystals, or vermicular intergrowths with orthopyroxene and plagioclase near the garnet (Fig. 3f) . Matrix amphiboles are either large, strongly pleochroic, brown-green grains, or smaller grains that replace or form part of symplectites with clinopyroxene and plagioclase (Fig. 3c) . These amphiboles are less aluminous and less sodic and correspond to Mg-hornblende (classification according to Leake 1997). Actinolite is a later phase, that formed zones around or grew along fractures within earlier amphiboles. Representative microprobe analyses of amphiboles are presented in Table 5 .
Plagioclase textures suggest that it is a secondary phase formed due to the breakdown of garnet and clinopyroxene. Plagioclases in the symplectites with clinopyroxene have An [25] [26] [27] [28] [29] [30] (Table 6 ) whereas in the kelyphitic rims around garnets they have An . Albite occurs in domains containing chlorite and actinolite.
P-T evolution
The pressure and temperature conditions of metamorphism can be constrained using conventional mineral thermobarometers as well as pseudosection calculations (e.g. Powell & Holland 2008) . Conventional thermobarometry employs the equilibrium thermodynamics of balanced reactions between minerals combined with the observed mineral end-member compositions. In contrast, pseudosections employ a method of Gibbs free energy minimization in a forward modelling of mineral parageneses for a given rock composition, with the potential to provide additional petrogenetic information. We used both methods to constrain the Table 2 : Representative microprobe analyses of garnet. Formula normalization to 12 oxygens.
Fig. 4.
Compositional profile across garnet shown in Fig. 3b . Length of profile is 400 µm.
P-T evolution of the investigated metabasites from the Ďum-bier Crystalline Complex. The phase equilibrium modelling was performed with the THERIAK-DOMINO program (De Capitani 1994) . This program performs a Gibbs free energy minimization using the algorithm of De Capitani & Brown (1987) . For thermodynamic calculations, bulk rock composition of sample J-257 (Table 1) was used in the simplified system NCFMASH (Na 2 O-CaO-FeO-MgO-Al 2 O 3 -SiO 2 -H 2 O), with water content in excess to model the water-saturated conditions (e.g. Carson et al. 1999; Guiraud et al. 2001) . We assume that effective bulk composition (e.g. Stüwe 1997) was essentially homogeneous on the scale of measured sample. It was probably not significantly affected by the garnet fractionation process since there is an absence of growth zoning in the measured garnets but some parts of garnet that existed at the peak-pressure stage could have been removed from the equilibrating volume of rock by reactions consuming garnet and producing kelyphite and corona textures. We used the program DOMINO with the internally consistent mineral database (JUN92, an updated version of that of Berman 1988) and solid solution models for garnet (Berman 1990 ), omphacite, amphibole (Meyre et al. 1997) , feldspar (Fuhrman & Lindsley 1988) and orthopyroxene as available from the THERIAK-DOMINO website: http://titan.minpet.unibas.ch/minpet/ theriak/theruser.html. The calculated equi- librium phase diagram is shown in Fig. 5 . The isopleths of mineral compositions were computed for a fixed bulk composition with the program DOMINO. The isopleths corresponding to measured mineral compositions for garnet, omphacite, orthopyroxene and plagioclase constrain the P-T conditions of equilibrium assemblages (Fig. 6 ). Pressure and temperature conditions were also calculated by the application of several standard geothermometers and geobarometers, determined by the coexisting mineral assemblage. Temperatures were obtained from garnet-clinopyroxene (Powell 1985; Krogh Ravna 2000) and garnet-orthopyroxene (Harley 1984; Sen & Bhattacharya 1984) geothermometers. In garnet + clinopyroxene + plagioclase + quartz assemblages, pressures were calculated from the Mg end-member reaction according to Newton & Perkins (1982) , Moecher et al. (1988) and Powell & Holland (1988) . In Powell & Holland's calibration, both Hodges & Spear (1982) , and Ganguly & Saxena (1984) garnet mixing models were employed. In those involving garnet + orthopyroxene + plagioclase + quartz, calibrations of Newton & Perkins (1982) and Powell & Holland (1988) with Mg end-member and Moecher et al. (1988) with Fe end-member reaction were used. 
High-pressure granulite facies P-T conditions
As demonstrated above, the formation of clinopyroxene + plagioclase symplectites indicates a passage from eclogite facies to the high-pressure granulite facies (e.g. Zhao et al. 1991; O'Brien 1997; O'Brien & Rötzler 2003; Groppo et al. 2007 ). The P-T conditions of eclogite recrystallization and formation of high-pressure granulite facies assemblage garnet + clinopyroxene + plagioclase + amphibole + quartz have been modelled from the measured composition of garnet cores and clinopyroxene + plagioclase symplectites (Tables 2, 3 and 6). We used the garnet with the highest X Mg , clinopyroxene with the highest jadeite, and plagioclase with the lowest anorthite in the calculations. The 0.4 X Mg Grt, 0.9 X Jd Cpx and 0.25 X An Plg isopleths constrain ca. 750-760 °C and 1.1-1.4 GPa stability field (Fig. 6 ). The isopleths of "reconstructed" omphacite (0.23 X Jd ) and measured garnet core composition intersect at 1.5-1.6 GPa and 750 °C.
The P-T conditions calculated from the Grt-Cpx thermometers and the Grt-Cpx-Pl-Qtz barometers are 700-760 °C and 1.1-1.4 GPa ( Table 7 , Fig. 7 ).
Orthopyroxene formation P-T conditions
The formation of orthopyroxene appears to be at the expense of clinopyroxene and garnet. We infer that orthopyroxene was in equilibrium with kelyphitic plagioclase and the outermost rim of garnet. The P-T conditions were calculated from the composition of orthopyroxene and adjacent garnet and plagioclase. The modelled isopleths with 0.56-0.58 X Mg Opx, 0.26-0.32 X Mg Grt and 0.4-0.7 X An Plg (Fig. 6 ) constrain the orthopyroxene formation at ca. 0.7-0.9 GPa and 680-700 °C. The Grt-Opx thermometers in combination -Powell (1985) , KR -Krogh Ravna (2000), PH -Powell & Holland (1988) , HS - Hodges & Spear (1982 ), H -Harley (1984 , GS -Ganguly & Saxena (1984) , SB - Sen & Bhattacharya (1984) , NP - Newton & Perkins (1982) , M - Moecher et al. (1985) . with the Grt-Opx-Pl-Qtz barometers yield P-T conditions of 650-740 °C and 0.7-1.1 GPa (Table 7 , Fig. 7 ).
Discussion
Eclogite facies rocks in the crystalline basement of the Western Carpathians are rare. Eclogites with preserved omphacite from the eastern part of the Low Tatra Mts near He pa show the maximum pressure and temperature conditions of around 2.5 GPa and 700 °C. The metamorphic P-T path reflects nearly isothermal decompression during exhumation ; Fig. 8 ). In contrast, eclogites from Jasenie show a very strong overprint at ca. 1.5-1.1 GPa. As in many eclogites overprinted in granulite facies (e.g. O'Brien et al. 1992; O'Brien & Vrána 1995; Guo et al. 2002) the orthopyroxene-producing stage has not allowed major diffusive resetting of zoned garnet but has led to differential decomposition of garnet rim (O'Brien & Vrána 1995) . Actual garnet composition in equilibrium with plagioclase, symplectitic Cpx and later Opx is therefore very difficult to determine. For this reason the local equilibrium and effective bulk system for calculating the P-T conditions of post-peak stage need to be considered. In spite of these difficulties, the application of phase equilibrium modelling and conventional geothermobarometry as described above, yields essentially consistent results for the investigated metabasites from Jasenie.
The eclogitic mineral assemblages are preserved because reactions during decompression commonly consume the rocks's fluid and the system becomes water-undersaturated. Extensive retrogression may occur due to external fluids infiltration (Heinrich 1982; Carson et al. 1999; Guiraud et al. 2001) . These circumstances may explain the breakdown of the eclogitic assemblage in the investigated rocks. Water-saturated conditions can be deduced from the presence of phengite, zoisite and amphibole. Pargasitic amphibole can be stable in high-pressure conditions as documented by phase equilibrium modelling (Fig. 5 ) and experimental data (e.g. Poli & Fumagalli 2003) but the majority of amphibole forming the symplectites, kelyphites and matrix clearly postdates the peak pressure conditions. This can be related to external fluids infiltration, most probably from the dehydrating country rocks like the metapelitic gneisses and migmatites.
Moreover, we assume that thermal overprint in high-pressure granulite facies conditions played an important role in the evolution of these rocks. There are two possibilities to explain such thermal overprint. Heating due to thermal relaxation and slow uplift during a single metamorphic event, or thermal overprint on partly exhumed eclogites due to a second metamorphic event.
Although the first alternative may be supported by texture with a relatively coarser clinopyroxene + plagioclase symplectites than that common in rapidly exhumed eclogites (Anderson & Moecher 2007) , the second possibility is favoured from field relations and geochronological data. Overprinted eclogites with zircons of early Variscan age (Putiš et al. 2008 ) are accommodated in high-temperature and medium-to low-pressure rocks (mostly migmatites), some of them showing the transition of kyanite to sillimanite (Janák et al. 2000a ). These are accompanied by voluminous granitoids of Carboniferous age (Petrík et al. 1994; Putiš et al. 2003; Petrík et al. 2006) . Thermal overprint on partly exhumed eclogites seems to be related to metamorphism and partial melting at upper mantle/lower crustal levels. Following this overprint, the eclogites together with their host rocks were emplaced from the upper mantle/lower crustal depths by ductile extrusion and mid-crustal thrusting. In the Western Tatra, overprinted eclogites (Janák et al. 1996) and their ), B -eclogites from Jasenie (this study). The metamorphic facies grid is from Okamoto & Maruyama (1999) . BS -blueschist facies, EAepidote amphibolite facies, AM -amphibolite facies, HGR -highpressure granulite facies, Lw-EC -lawsonite eclogite facies, Ep-EC -epidote eclogite facies, Amp-EC -amphibole eclogite facies, Dry-EC -dry eclogite facies. The quartz-coesite curve is calculated from thermodynamic data of Holland & Powell (1998). host rocks (Janák et al. 1999 ) are accommodated in a hangingwall (upper unit) of an inverted metamorphic sequence, above the micaschists.
There are similarities with granulitized eclogites from the internal parts of the Variscan orogen in the Bohemian Massif (e.g. O'Brien 2008). Here the eclogites formed earlier (420-380 Ma) than granulite-facies metamorphism (340 Ma), which was related to late stages of exhumation of the hot orogenic lower crust (Schulmann et al. 2002 (Schulmann et al. , 2008 . We suggest that such thermal overprint during the Carboniferous time was crucial for the breakdown of eclogites in the Western Carpathians.
Conclusions
(1) Reaction textures and phase equilibrium modelling suggest that metabasites from the Ďumbier Crystalline Complex of the Western Carpathians underwent high-pressure metamorphism at eclogite facies conditions.
(2) The eclogites were re-equilibrated in high-pressure granulite facies conditions of 750-760 °C and 1.1-1.5 GPa. Orthopyroxene was formed in lower P-T conditions of ca. 0.7-1.0 GPa and 650-700 °C. Water-saturated conditions and thermal overprint facilitated the breakdown of eclogites during exhumation.
(3) Our study supports a two-stage tectonometamorphic evolution of the Western Carpathian's crystalline basement during the Variscan orogeny. The new data underline the close similarity with internal parts of the Variscan orogen in Central Europe.
